epl been) ` 1 
| 2(138-(0%)(300K) | 


i 3 f £ H | 
ni (Tebook) = 1.66 10" (boo. el ettev 
(13210 HM beck) 
l i 
= 4510 Pay 


Co om aring these results with these in 
Exam ple 
JAG ~ 2315. d Ge (3 600k) z SE 
hi (Si @ 300K) hi (SE bsok) 


At higher temperature , the — terms 
Approaches one, which imel that hi a T^ 


indepei ident of bandgap brer , J 


(b) for Aw dove ed materi. al , h = hr * Assuming 
at Tomok,, 4 V 


? = 510 Cem? 


n= [Na (T= 300k) | Je = (25:10%mM3)* =1.25 40 i 
-3 
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hzad-razavi-3rd-edition-solutions/ 


o = 1350 HV 


4. (A) Mobility d elecivons in 
Mobility of holes in 2 = 480 oi 
i 


K velocity d elections = ME (ps Qn 
` Ys 


= (35-107 m/s 


~ ei OLY. 
VS: dA 


= 4.8 10? m/s 


M 


ve E of holes = Up 


hole current negligible 


(b) C ven E* 01 CH 
Up = 480 colas 


Un < 1250 Ms 
Jit = £ mÅ um” bi 4 ut t Al PEL z Zune 
SE 


ai Weg cm 
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Z 
Given Le 0.1 um A= (0.05um) ver 
line D50 fes ap = #80 oris 


ia = In m» 3 A TADS Ae at) 
h= ie Cm (a Geste? A type REDE 1! / 
(a) MI (Tednok) = 5210300)" "Hei sore 
«1.02 10" om 
: , 2 . f V/ ne V, 
ET" = 1.17 10? om? E= VL =10 un, 


. Lit = Å I tor = Å [Wn nt up JE 
gë aun +b nm) E 


= Rua (16:16 E) | meet (v Sch id D Tw) 
> (10 Yin) 


> lut * 0.054 mÅ 
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e ae Ni E ia 
b) @ Aok: m > BT 10" oi 


på 7 og Z 1 
= (9.05 wn) (bið t) | 1350 or (oan?) 490 cm ( up 
| vs VS d 
ig V j 
N (10 än ) 
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4 Given L=01 Um) A =(0.05% m)? V= LV 
din" 2900 e /V- D Mp = =/ We cnr I v-s 
H = 710 ide, mi? ( peni j- tpe depant J 


(4) From previeus problem, 


te 7, -3 
@ 3vok | ER 2.90 e(0' 3em? p Ni fn SEA 
= 10 Wum 


Tot = A Tor = Å glu up MAE 
= (10500 XU 610 e) 30 cot (bi?) "io dE 
* (to Yum) 
> Int x 6214 mA 


A 1 E : Ss " BS B8 ` -3 
(b) 8 A00 K: ni < 29-00 P Í 5:10 cm 


E - 0v/,,, 
Int = A q| un + [tp U in) |E 
3 
3) 


= (pose d me o vi) + | 100 om "(£5 dr "y 


Z 


ys 


in V/ > " 
è (lo dun ) zb List Z (2.4 pad 
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| | 
9. . Given Vn = 34 L TS 
al no Dp 712 SNE 
) pod | 
ge? : L = Z um 
i | holes s 


i Js CE Bs um) 
Du rei | 7 

(n) l i (i ) 

me O 


Zum z 


gle Areng | 


The injected carriers diffus » from me 
end to the other. | 


Tat A Ja = A dën 8 E 


"ivt 


= (Law) (161070) Pet gu. pe: | zc) 
S E 


2 MW S 2 um 
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b. Given  dreg = å 


find total z ectrons Stored. 


n) Nx +N 


>, total electrons stored 


( OUE - 
= | a-n(x) dx = | ai de 


Jo 
/ SL u 

^ AN -2 ax) = ANL 
2L le 5 


https://gioumeh.com/product/fundamentals-of-microelectronics-behzad-razavi-3rd-edition-solutions/ 


n= N- "E 


^. total electrons stored 


= fant) dx = fan a Å Ax 


O Å 


/ ¡09 , 
N ania Ed = Aat, 
y 


O 


for the linear profile, the result depends 
on the length | L 


For the op mential profile, the result i5 
constant (since LA ts constant.) 
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dv: 
= ea d W ` 
dria) LS pee) = P exp EG) 
N*540 wu? P=2 (Oro 


© Zum 


total number of € electrons fan dx 


= L avin) gx = an Gu ep CO, 


li 


aNly |l- 2 all 


lofal Mumber of holes = fa- p dx 


= fi As pP) AL = ar ( La’. ep OG JE 
AP la’ [!- PCC) 


li 
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aq Drift is analogous fo water flow in a 
river. | 


Water f lows fom top of mountain fo 
bottom “because of Gravitational field, 


electron flows from one terminal” te 


the other because of electric field. 


DRET WATER Flow 
electrons —— ater 


electric field — Ja itatrena] field 
arif t/ curent <— water f lom 
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IO. (a) 


Assume ST. 


NA Np " 
= hh. [d b ew zb Ü Cm 


P, i NA = =f 40 "enr? 3 
; (1.03 eto! “en pedi 29 e ID cm? 


lowards higher temperatures, lr Tu ). 


That is, everall, Yo drops with higher Í. 
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Ni = 08 40 cw? 


= E 
G 
D? 
Z. 
Ki 
i 
UJ 
ei 
em 
Ly 
5 i 
AA 


d 


(1.38-10 X) Gro) E ) 


LE, ee j.o8- 10 DC na 


li 


O 384 V 
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T s : E al y 16 ach TES sj ne m3 

2. Given Np 7 3:00 cm Na 24D cn - 
(oe hit Es = UT BGO FE 
Je LG V Cay 


(Y H: = [1.09 +10" em? 


V, = EN E = (26 mV) Ly [30x 20 a 


hi" 


(1.03 10°) 


yn 


ji 


a 
30T 290" d 
apte za V 


0.0449 FF/um? 


, omi- [oe tem] ec, = 0.082 Ffu 


? & 


li 


(b) Given Cj new E Cj out 


H 


Es; NaNo | £e. my x 


| 
SE | y 
| 2 NitNy Ve | 2 Mee Vo >) 
, Ve |, VR 
t ea [+ pad 
E | 7 
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Squaring both sides Å Simplifging gives: 
MENU, 
NIE C0. 


Na +Np = 4.. Na END 7 ; where Np = old 
Vo + Ve Vo + Veg value. 


Here there is only one variable , No (new ` 
value). The Solution can be found ¡teratively 
by solving this equation. But we cam make 
an assumption that Vor Ve * Vo t+ Vp Since 
Vo =(6V , the dominant Term. Then we 
venfy lo k Vo" After warns. 


=> Np E 4 No! 


zeg 


NAtNo Na Kp 


> Np = AN» NA - 42108400) , [.oo- (Om 
Na AA — (409-3 (2-10) 


i 
> Nb = Ié iO d ^ E 
Np’ 2:10" 


| VA A af 
Verify: Vo. oi -0609V > Vot Ve RZD N | 
i Von = D.Utov ID V. VR ^ 23V (v) 


so Increase Ny by 9 times. 
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EE 
Vo 

lo 3 G 
Dt LS 


DIG: (+! = (22) > h= 00365 V 


Substitute Vo inte (D: 


Ci = 22 os x 443 fr/um 
N Vo 


> Mel (ue 

Na+Np G ) Eg 

(+43 fE) x(0.0365V) ; 2 x 212 10 Nå 
SE 


li? 


Y 


7 
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EY 4 value fer Na > Nano ay 
N4+No 


Na = 9-10 em? D Np = ANA 
Na - M 
(2.to'?- 33:10") em 


e 3.1] < to! "7E 
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T 5 - "n " me 
[A (a) Ju forward Dias , Z, = [mfi , v, = 750m\ 


# 


e KS x Lew ma (må) exp [- 150 vzem V | 
= 241 -107* A 


(b) Since Is Área deubling Area implies 


doubling VER Fr om (4) ; 


Vy. 
L=(må= 25 C Ñ 


Ki 
& 
s 
S 
i 


215 
0,432 V 


zl. gl Ip | ERR 1mA | 


221404 


li 
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-n(e Lm I (e Mr 1) 


E 
= (Is, +Is,)(@ -i) 


Therefore, the parallel Combination eperates 


4S dn £X omental device : with av) 
OG valent saturation Ciurrent of Ls, +132. 


(b) By KVL Vo, =Voz 


> Y WE = Vr ly ES 


SO Vrln/ lp ) T "(Sch 


EZ Tsz 
> Ip, - "E Ls; ) 
dE TI 


> o, = el es Is; 


Sr F ECH 
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(b (0) SC | " 
eem re 
D VAR Suppose FS Ls ce I) 
k: L. Ip = Ls (€ ii » 
or a 
D N Ve 


By RC S Jp, = Lo, = I 
S Vo Vi ; Vez / i : | 
> (€ br ) = ( & Sn) => Vo, = Vp. ‘ 2 


I 


= Jo (e d 

— 1 

v owe | Therefore, a Senes 

bi 2 74 Combination Can be viewed 
as a Single Two-termina| 
device with CX omentrad 


characteristics. 


(b) Juppese Vi = initial Va . Need (Ux | 
Ve = final Vp increase mL. 


4 Vivi 
> (0 = as (€ Gët 5 e, Vr 
Is (e in =l) 


2. AV = Vg- Vi = Wp la (10) =(26 mV) tallo) 
z bo. mV. 
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I4 Lind Ig Vo, Ve» in 


E 


terms of pr s 


7 


p To 3. 
> d "M" Ja z)" 


V, = Vr bo AA ES 


le, Is, 
r. 
gl + Va 


> Vela jis VB 
N Ase FA 
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f n Å 
la = Ve ln Je e Velo Is = Ve hf) 
Is Je s EZ: 


rol 0g VB 
> Ig "e | Is, [sz E E 


lncwase Lo by (O times : 


Je new = (0B 


mem 


Is, Tsz 
= Y d "S | + Vr ln leo 


ds le, 


i p z. ; PEZ 4 
S nus Ve n ( To nour ) = lp el pf | 
S 


= Vg tV,luloo. * Vet 0.120V 


“e Ve increases Da 0.120 Y. 
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je Ix la 
(Y > Voi 
| | 4 R - 280 lp, = Es (e 7-1) 


* D 

u d | Mu 

H by n=210"A 
— 


By KVL Ve = BR + Vo » 
TE + rln (B/r.) 
= Ix R; + Vr ln (ts) 


H 


Tins can be Solved directly with 
specia | programs or raphi ng calculators. 
Rut Hus cam be solved 
hand. 


VTievatr "etu ; by 


We suppose that D, is 9n. 

> current flows. through D, . L 

Assume q Veme | V, 

> V= OAV ` 

> Ix= UR, = (0.5-04)V _ 0.05 mA 
Ri 2ks2 


ds 2.19? 

<, Contradiction because Vo, exceeds Vx T 
[his means our assumption IS Incorrect 
DD, is off e, =Wk=05V k=O 
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— 


Yo, = Me bt = (0.0264) EES & 9.bz V 
ts 


[V= 9.8 V] Suppose D, is on. (This is 


a reasonable ASS umptien Since most oliodes 
turn on ot around b= eol [ V.) 


For startup, USE Ub, = Q. 
h=O0TV > Lee = 005 mA 

> Wh = Y In(P/,,) = 0.622 V 
V, =0.622 v > lx =(0.8-0622)v = 0.087 må 


2 KQ 
> Vo, =(0.026 Y) ln (BR) o.e3[v 


s 
it 


9.63|V > lx = (0.8 -0.631)v 
2 ée 


=> Vp, =(0.026V) de 2. PRA JO p.&35V 


= 0.032 mÅ 


S 
il 


,=0.635V > Dy -(08-0.05)V = 0.093 må 
2 KO 


> lo = (vev) In (22880 Ja b.635 V 
2:107 À 


^. With an accuracy a three decimal points, 


Va, & 0.635 V oa course, M ofe iterations 
Ix z 0.082 mA give a more acorahe 
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CNR 


po x . l - ; 
IW LY Suppose , again , that D is on. Use 


Vp, EH previous Calculations as SEN 
pon. | | 


k, = 0.657 > E =(1-06%)V = 0.18 mA 
2 El 
=> v, a pt ) & p.656 Y 
2.i8 ^ A / 
V. = 065bV > Ly=(1-0656)V = 0.17 md 
2 Ki2 


> Vp, (era) in (tT mh ) z 0.655 V 


A PRA 


2:107 87 
h = 0.6554 > Ix = (1-0655)V - o. CT må 
2 ka 
SW, 7 A655 V 
“e Vp, £ 0.675 V 
Ix a 0.17 mA 


Using Similar assumpttons as Those 
B k be LA m A> x 
in previeus ča leula tions , 


d 


0.2] mA > lp, x 


0.655 v D> R 0 
ozimA Dv, a 0.666V 
7 


M 


Vo, 


Vp = 0.66] Y > = i å 
V, z 2 bbbl > Ty 2021mÀ > h, & 0.666V 
01 

Ka ly K 0.2] má Y, SS O.Lbb V 
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EP" ` | 
incgasés bu -30mV which 7s less Thea ¿lo 


of the turn-on volt: age eg the diode. fi n other 
words, once the diode conducts Current, its 
yoltage varies margina Uy ( expected due to its 
Qxouential characteristic) This also implies 
thet the diode , me on, can allow an, 
Amount Of current to flew threugh (wit | 


Vo To, becomes So large that the diode 
` Kr "an: 
S Impi breaks clown ) 
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20. a Since Is, x Area, lo, becomes 
Al Ex K T 2K32 V» 
? | AAN fo Vr 
2 n. M. Ip, = [0 * (2-0 4) (ea) 
Li Lo 


Vp = 0.1 Y > Tx = Vx-lo= gry = 005 mA 
RI 2k2 
> Vo =r (nl Ta 5) å (0.026) [n DUM 
| 20400 
== 0,563 V 
lp, = 0.5634 > L = (0.§-0.563)V = 0,12 mA 
2 k 


3 Vo, =(0.026 v) ln E mÀ) < 0,585 V 


Vo, = 0.935 D Ty = (08-0595)V z 0.11 må 
2 kN 
> Vp, = (0.026 v) ln 9. mA V= 0.503 V 
l 2010 °A 
V, = 0583V > Tx =(03-0583)Y = 0.1 mA 
2 kN 
=> Vo, = 0.593 V 


o. Vo, © 0.583 V 


Ik 90. mA 
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| Vy L2V | Šuppose D is om. Use results pov 
E EVIPUS calcu laticu S as Starting pe ind. 
i 


W = 059V > Ty = (L2-oSB)V. = 0.31 mA 
f 


> El 
> Vo, = (0.026v) [nf 9.3144 | = z 0610 Vv 
| 20.06 A. 
V, = obetov > Iy =(12-06l0v = 0.20m4 
i MENÉ e 
Z RO 
> bo, = (0.02.6v) gd E ^ pbotV 
tes to E 
W, =0.601V > Ll; = (£2-6970V . 030,1 
| 2 ka 


> Vp = 6.609 L 
IT. Vp, Da O. ¿tol Y : 
Ix 3 06.29 mA. 


ia 
mtuitively this means D, can conduct 
Same amount zr Current With less lb; . 
The results have shown that in ths 
problem, Vo, is less and lx is more. 


By increasing g the cross-section area of DP, 
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ES sU £ 25 | ne Ve j m V , A4 
St z Given: @ SV Wh HE 


f , P 4 " , 
Le > Vr - 050 må 
b, q Vo, R, 


oo Iss bo sl opk] 
m y 4, 
(0.53 mA) DP re 0.85/o,026 | & At ip Å 


ji 
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T Së age a ; 
22 Aa Given VR, - de md Vx 
+ ls» 2 eto A 
+ b Ry Ve, 
Vx L By KCL 
T | H v. d 


SE Iris e. As (edel 


R, 
This must be solved Cfenetive ly. From 
ma Å 
Experience , Suppose Vx = 2V. 
V -zv > he=Vf2 = (V =5mA 


H 


2 (0.026V) ly [ E^ )^ TE 
PE 


= LRS y = 0.31 mA 
zka 
> Vx =2(0.026v)ln (pibe yv 
246 h; 
Vy < LY > Ly =(4M2v = 0.3? Å 
2 k72 
> Vx= LAT V 


https://gioumeh.com/product/fundamentals-of-microelectronics-behzad-razavi-3rd-edition-solutions/ 


Da i/ . ^ SCH 
23 Zy Gwen Ke si > & >02mÅ 
Ms AE W=2v > hx=05 må 
Vx, | 
— i 
| b, Y Find E, and 


By KVL, Vb, = Wee BR, = Ve Ria 


> = (0.2mA)R, = M" (> 
mo (0-5 mb )R, = (o (0.026v) en (* de: Ə 


< Å — dovi 
© - 0: 1- (035) €, m (0.026v) Ån (22) 
ine oue E = 2 25 ks 


=> E = | 
0.3 


Substitute R inte ©: 


oor 4 
ds L, l ZXP |- SC 


H 


1 


VT 


[. 1-(02mQ5)[ « 244 C A 
0.026 | 


H 
Funn. 
€> 
rd 
KZ 
"eg 
-5 


CR 5325 kN 


i 


Te x 294-10 A. 
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By KCL Lx > Vo, + Lo, = Vr lp Lor + Lp, 

) — E pedi 

R; R 

Since Ix, Vr & and Is are w Hus can 
be so iz dire rectly with special programs er 
(ra piv: Cale«t (a ders. Mowever this Can be 
praphing can 
also solved d iferatims ` Åssume A "Dj, 

CA lc alate Jp ` t and ve ter ate on Vo, l 


Assume Vo, =0.1 Y as stue point. 


Vy, =07 v > Ip = Ix- fR = 1mp- 0.7% = 030 


(ka 
> lo, = hln (Ier) 


=(9.026v) In /_03mA Y & OTUS V 


\ 


V 
Vp, = 09.113 V T | y 
py + Pails > lp, = 1mA- 0.118 v = 0.29 mA 
| ks2 
> Vy = (0. 026 v) In NS A) e. T] Y 
>. Å 
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Yo, se. UTV > Ib = [mA - 0 TTV = 023mA 
[ka 


S. MEST V, 


på - 2wÀ | Assume Vo, 72.010 V ~ preo 


result. 
Vo, 2o. 1 V > Jo = 2mA- EK = [28 mA 
| ka 
> Vy, =(0.026v) [n (120 mA | x OT56V 
EN 
Vp, < 0.156 V > lo, *2m^- OT9bV = 1.24 mA 


| kr 
=) Vp, = (0.026 v) ly WE ) > o TES V 
ET 
Vp, = OT55 V Z Ip, =2mA — -CIV = [24 mA 
| | to 


=> Vo, =p.155V 


Po Vb, = 0.155 V 
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| Ix =4 mA Assume Vo, = 0.155 V frem preč 


result. 
Va = 0.1554 3 Ip, = 4mA- 07557 = 325 mh 
| [ka 
> Vp, = (p.ozejv ei 3.25må y^ B-lčoV 
3-6 
Y, =07%V DT, = 4mh- o-7JOV = 2,22 mA 
| | ka 
> Ys z (0.026 V)in( 322mA) = 0-Tåov 
316768 


Note: Ås Jy increases, Ib, increases , while 
Veo.) stays jelatively the same. Because 
, x Ry, fe ed 
He exponent 7a! | Characters vi the 
rede | ence en, will absorb as much 
current AS necessary to satisfy ECL. 
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Se Given L,=05m4 whey 


| | | Ty sl änad Li 
T : mm s e =( 9M ; Zei is. 
LO R$ ka P N T a 


(Ix - I») R, , 
(03m4)|kr = 08 V 


ker 


=e 


lhis means Vo, 


li 


il 


> Ts = Lre [- A] 


li 


(0.5 mA) eA [- 0.8 V/ocz6v | 


20-0" A 


27 
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Jind Tx. 


Ve, Las RF Vr Un ES 
E Is / 


This can be solved direct, with special 

programs er graphin cal culter s. Alternatively, 
one can solve this EEN by hand . 

Assume Vo z 0.3 V. 


ban Z We = ky = 031 


R, | kg 
> MW = I L A smh 


Lef: 0 H 
Es "UY, 


ke 
De 


^ 07144 V 


é 


f =0.7%4y > Bie = Gm = 0 Mlt mA 
| kes 
> p= (0.016 V) ln (218 h) & 0.742 V 


3460 2B. 
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D 


o-luzv = 0.1742 nah 
| ei 
3 V. € (o.ozev) Un ts nh) ab. ley 


A al j 
2.16 *B/ 


V, = 0 TV > Uf 


1.48 mA 


ji 


“o Tr = 2(0.142 mA) 
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Gn en Ix=1mA > Vx =/2v 


& + | | Lx=2mA=> V=]. V 
KO vx TR Nb 
Ooo) | Find K, and Ze 


Jp, m Ze V</R, (ket) 


By KVL, Vx = V ke = (EA A) 
| E 


Es 
> (L2 V) = (0.026 v) ln Gei 


(i. dv) = (0.026 V) ln | 


@-©: obv =(0-026v)ln ( 2mh 1-34 23 
| Íwh —1.2V/R, 
(.2*0x NA 22 | 


Lut alen —L må 


=> R še 
Š 
i 


(i 


ls = L exp 417 (2mA- a exp | E | 


0. Get 
4.27 - 


2? 
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28. Given b, =D2 with 
T¿= 540755 


Hud Ve, fer Le ZMA. 


Cur rent thr ough the diodes = Ip 


= I, - VR where Ve, = Voltage Across &, 
R, 
> 324 EECHER 
| Fs. Je I. &, 


This can be solved olirectly with special 
pe ams OF qup calculators or b ij hard 
(teratively. | 


fissume a Ve, calculate I and re-iterate 
on new Ve, =(2*%,). From £xpenience, most 
diodes conduct at Vow OT V. Assume Ve, 


= [4 y. 
Ve=(4V > b= I- be -ZwA- LAV zl Ze 
de. 2 EL 
SM 
SS 


V 


le 


sin 
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z (0.026 v) "E x (44 V 


| 
Y 
=< 
RU 
5 
H 


Ve, = 2må — 147 = 126 må 


2k» 
x > borer) zona J^ [48V 
bio Aj 
2mh — [49v = [.26 må 
2k 


Y 
LM 
Å 


H 


eg -7[49V 2 b 
> Ve, = 1.48V 


RP Voltage (Cross uh = [. 43 V 
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2 b Given Tp, =0.5 mA, 
l&7 5-(0**4 får 
each rode. 


lak | li ALP 
| R hnd Ri. 


> Ve, = Un. = Vy ES = 0.026 et 0.53 mA 
E 5:04 
= OTUS V 


Kä E - | Ve, = "2 Vp, = 2(0.118v) = 2.2] (Be 
Ig, Ze, O. S mÅ 
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(a) Constant- voltage model : 
Consider , ít ti he "74117712 CASES e ` when 
Dy 15 der 109 have the pol mech 


| i A å 
e E This implies Vx ts [nearly 
ee L "rr" to Ix 


When Di 15 on Vx us > (by evi) 
bi D, (- le ox). This a res Hat Qu 

kisel current trom Tx cannot flew 
through R,, which means D, will absorb 
all the currents To satisfy KVL. 


( [z 
Vx (ward - biased 


5 


TA 


Ps 
D Xr — Då ed 
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(b) gxponentia | model ` 


PME! Assume 15 negligible 


LON d D 


When bi is off most of Ix flows through 
When b, k is on, Vo, E Va) FE 
this relationship: 


Vo, = Vx = Vr Ek = e lal Ix- Vx A | 
Is Ts LR 


> = ls gx (Vx. ) + Vue, 
z Is exp (id) when Di (S 
Tru biased (Vx > Vr) 


E Vx x Vr Lol (7x/r,) 


N [n (x) 


09 


$ ly 


Lo, dominates 
ee 


1— igi 
i 3 i œ Pa å 
Di . , (small window) 
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